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Summary: A pilot study to test an anticytokine therapy consisting of antibodies to interferon-a (IFN-a). 
interferon-y (IFN-y), and tumor necrosis factor-a (TNF-a), alone and in combination, was conducted witti 
25 patients with severe rheumatoid arthritis (RA) resistant to standard disease-modifying antlrheumatoid 
drugs. Polyclonal IgG from this antibody was administered intramuscularly for 5 days to each of four 
groups of patients. Administration of the anticytokine antibodies led to rapid and evident clinical effect in 
the majority of patients. The study found an immediate (by day 7) therapeutic effect of antibodies to TNF- 
a and the combination therapy, and for the first time demonstrated the positive effect of anti-IFN-y anti- 
bodies which was sustained to day 28. In addition to the clinical results obtained from patients with ffA. 
anticytokine therapy was also tested in a small number of patients with psoriatic arthritis (PA), systemic 
lupus erythematosus (SLB), and Behcet's syndrome (BS) with very encouraging results. Further testing 
of mis treatment must be done using repeated administrations of different kinds of antibodies alone or 
together /fith lnmunodepressants. A theory explaining the role of the disturbance of cytokine production 
in the development of autoimmune diseases Is expanded. 



Introduction 

in 1 974 we proposed that the deveSopment of 
autoimmune diseases (AD) was connected with 
the disturbance of the synthesis of interferons 
(IFN), and a therapeutic approach could be the 
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neutralization of these cytoi^ines (1). It was 
suggested that in AO, IFN is hyperproduced in the 
target cells and accumulates in the blood (2). 
Circulating interferon-u (IFN-a) was found in 
patients with various AD, while it was not detected 
in healthy subjects (2). This was confirmed in 
different faboraiories (3,4). Later we proposed that 
most AD have the same underlying mechanism 
and that the disease varies depending on the ceiis 
affected (5). For example, in insulin-dependent 
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diabetes mellitus (IDDM) IFN-a was detected on 
the surface of pancreatic islet cells (6), and in 
psoriasis, on specific cells within affected skin 
lesions (7). in systemic lupus eryHiematosus (SLEJ 
psychosis IFN-</ was found on certain brain cells 
(8). Later It was suggested that the hyperproduced 
IFN-a and possibly interferon-7 (IFN-y) may be 
serum markers of AD (2,5)." 

The first antlcytoklne therapy was performed in 
1977 (9). Arrti-IFN-n (IgG) administered to 16 
patients with very severe rheumatofd arthritis (RA) 
refractory to standard treatments led to significant 
improvement in clinical and laboratory parameters 
within 3-8 days after start of treatment. ■ Joint 
swelling, joint constriction, pain, eiythrocyte sedi- 
mentation rale (ESR), and other pathological signs 
and symptoms were significantly reduced. Four of 
the 16 patients regained mobility. The antibodies 
(igG) to IFN-(t, obtained after a prolonged immu- 
nization of donkeys with natural IFN-rx, were given 
twice a day for 5 consecutive days. These data 
indicate the important role of cytokines in the 
development of AD. It became clear that cytokines, 
especially IFNs, are not neutral agents but can 
bring immune disease by prolonged circulation. 
After our publication clinical and experimental work 
confirmed this. 

IFNs given to animal models of various AD in 
tiumans can exacerbate underlying autoimmune 
conditions (10-12). It was observed that the direct 
administration of IFN-« or IFN-7 triggered or exac- 
erbated various ADs in different patients (13-16). 
On the other hand, antibodies to IFNs given to 
animal models of human AD halt or delay these 
diseases (17-19), The data conltrmed our first clin- 
ical investigation, in which we gave antibodies to 
IFN-« to patients wiin good clinical effect. This is a 
rare case in which clinical data was confirmed later 
by experiment. 

As is ktrawn, IFN-a participates in the induc- 
tion of tumor necrosis factor-« (TNF-a) and its 



receptors (20), the most important element in 
inflammation. On the other hand, the formation of 
autoantigens in AD stimulates some T-cetls to 
synttiesize IFN-y, which alone or in combinatton 
with TNF-rt induces the production of HLA class 
II antigen, an important element in the pathogen- 
esis of AD. 

Thus in different AD one observes severe 
disturbance in the synthesis of cytokines, which 
brings about immunofogicai chaos. We were the 
firs! to propose to remove IFN-a and IFN-7 (1, 5). 
which al that time was known as immune or 
lymphoid IFN (2, 9). From 1989-94 (21-26) we 
also proposed to remove TNF-« in combination 
with IFNs from patients with different AD. 
Recently, in 1993, chimeric monoclonal antibodies 
against TNF-« were reported to produce signifi- 
cant improvement in RA patients (27). One way in 
which anti-IFN-« therapy may exert its treneficial 
effect is through its Inhibitory action on TNF-a, 
which appears to be the common pathway of 
inflammation. 

As part of a large preliminary study to test our 
proposal that anticyiokine therapy using multiple 
antibodies could be beneficial in treating AD, we 
administered anUbodies to IFN-v, IFN-a, and TNF- 
a separately and together to patients with active 
RA and certain other related AD. The latter was 
done In order to (infirm our proposal that a single 
mechanism may underlie the development of 
different AD, but that the clinical manifestations 
differ depending on the cells affected by disturbed 
cytokine synthesis. 



Materials and methods 

Polyclonal antibodies were obtained by immu- 
nizing sheep with natural human IFN-u and goats 
with recombinant human (rHu) IFN-y or rHu-TNF-a 
and isolating the IgG. Each milliliter of preparation 
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contained 48-60 mg of protein. The antibodies had 
80% specificity at 1:1,250 (anti-IFN-a) and 
1:12,500 {anti-IFN-7 and anti-TNF-a) dilutions by 
ELISA (L. Tamarkin, Cytolmmune Sciences, Inc., 
Columbia, MD). 

A total of 30 patients were treated, 25 with 
active RA (20 tested lo the first trial and 5 in 
another) and five with varied AD [two with psoriatic 
arthritis (PA), two with SLE, and one with Beh9et's 
syndrome (BS)). After obtaining ethical committee 
approval and informed consent of the patients, 20 
patients with PA (16 were RF+), aged 27-64 (nnean 
age 47), average disease duration 8 years, were 
equally randomized to one of four treatment 
groups. All patients met the criteria of the American 
College of Rheumatology for the diagnosis of RA 
and fiad not responded to at least four stan- 
dard disease-modifying antirheumatoid drugs 
(DlwlARDs) (17 patients), coutd not tolerate them 
(two patients), or had refused to lal<e them (one 
patient). 

Other criteria for entry into the study included 
radiographic evidence of bone erosion, the pres- 
ence of severe illness as indicated by the presence 
of six or' more swollen joints and eight or more 
painful joints, plus at teast two of the following crite- 
ria: >60 mins of continuous morning stiffness: 
fatigue >5 cm (visual analog scale): ESR >25 
mm/hr; C-reactive protein >2 rng%; and absence of 
clinically significant concurrent diseases. Patients 
who were pregnant, had severe physical incapacity 
(Steinbrocl<er Class IV), a history of malignancy, or 
a history of serum sickness or other allergic reac- 
tions to foreign proteins, were excluded. DMAROs 
were wffficfrawn for at feasf 3 months prior to ftie 
trial but antlinflammalory therapy (NSAIDS and 
prednisolone up to 10 mg/day) was allowed if they 
were stable for at least 1 month before the trial. The 
same physician was used lo make all assessments. 

The.first group received antibodies to IFN-cx; the 
second, antibodies to IFN-y; the third, antibodies to 



TNF-o; and the fourth, a combination of all three 
antibodies. AIJ preparations were injected intra- 
muscularly for 5 consecutive days. The patients 
were assessed daily for 7 days, then weel<ly up to 
the 28th day. 

During the monotherapy, the daily dose of each 
antibody consisted of 96 mg on the first day and 144 
mg on the next 4 days. During the combination ther- 
apy, each antibody was given at the daily dose of 96 
mg. The additional five patients with RA were given 
a combination of IFN-y and TNF-a antibodies. 

Statistical significance {p<0.05) was determined 
using one-sample ^test on the difference in obser- 
vations before and after treatment. 



Results 

A list of the clinical and laboratory measures 
used for the assessment of the efficacy and tolera- 

Table 1 Clinical and iaboialory measures tested in patients 
with rheumaloid aithnSs 



Pain. 0-10 cm (visual analog scale) 
Mornir,estlllnBss. minuleii 
Number at swollen joKtIs 
Number a palnlul joints 
Grip slrength, kPs 

Faligue. 0-10 cm (visual analog scale) 
C-reactive protein, mgVo 
Rheumatoid factor, latex-test (1:20=1) 

HemostotJin 

Leukocyie differential count 

TJirornlxicytiHi 

TtBOsamlnases 

eiobaj acscssmeta by pbysdan- 
Global assessment by patienf 
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bility of the therapy is given In Table t Nineteen of 
the 20 patients completed the 5-clay course of 
Injections. In the anti-IFN-a group, one paUent who 
experienced fever and increase of joint pain after 
the first injection was withdrawn. In this group 7- 
day and 28-day results were assessed in four 
patients. In the combination group (receiving all 
three antibodies) one patient improved significantly 
after the first injections but exacerbation developed 
on the 8th day and prednisolone was given. Thus 
in this group 7-day results were assessed in five 
patients, and 28-day results in four patients. 

Administration of the anticytoklne antibodies 
across all groups led to rapid and evident clinical 
effect in the majority of patients. Improvement to 
some degree developed immediately after the first 
injection. Joint pain and the number of swollen 



Joints decreased along with other measures. Fig. t 
presents graphs of indices showing the week-by- 
waelt mean response of all patients in each group 
from before treatment to the end of the 4th week. 
The graphs Indicate the general course of the 
changes after the treatment was given in the 
indices shown. As can be seen, the most improve- 
ment across all groups occunred by day 7. The best 
effect by day 7 was achieved in patients treated 
with anti-TNF-u and the combination of the three 
antibodies (Table 11). Nine and seven indices, 
respectively, showed statistically significant 
Improvement in these groups. In the anti-IFN-y 
group five indices Improved significantly 

By day 28, the anti-IFN-7 group had sustained 
most of the improvement of day 7, while In the anti- 
TNF-a group, only two indices still showed signifi- 



GRIP STflENGTH (RIGHT) 




NUMBER OF SWOLLEN JOIMTS 




0 ' ■ ' 0 ■ . 

01234 01 334 

Weeli Week 



Rg. 1 Lines show week-io-week i 



I of each ol the lour 1 



1 groups in rheumsdold t 



IFN-a. IFN-y, TTN-a antibodies in rheumatic diseases 



cHnlcaland laborstory indices (mean omerBnce) 




Statistical significance was det«rmi 
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cant positive changes, and in the combination 
group, three. Fig. 2 shows the comparative mean 
improvement (diWerence before and after treat- 
ment) among all treatment groups at day 7 and day 
28 in six indices. A h\ack arrow indicates which 
improvement is statistically significant {one-sample 
(-test, p<0,05), 

After this trial was finished, an additional five 
patients were tested using a combination of two anti- 
bodies: anli-IFN-Y and anti-TNF-a. All patients had 
a positive response, confirming the results from the 
first trial using a combination of three antibodies. 

The most frequent side effect of the therapy was 
a slight local itching (dermatitis) around the sites of 
injections, This seemed moslly attributable to the 
antl-IFN-a since most of the patients having this 
side effect had received this antibody (as 



monotherapy or in combination). This response 
developed on the 8th-10th days and disappeared 
spontaneously or after low doses of antihistamine 
drugs in 2-6 days. As we have already mentioned, 
one pafient had a fever (38 "C) and increased joint 
pain after the first injection of ariti-IFN-a. One 
patient an anti-lFN-a had very slight rhinopharyn- 
gitis on the 2nd day, and one patient in the anti- 
IFN-y group had pulpitis on the 25th day. No 
changes in mean level of hemoglobin, leukocyte 
differential count, thrombocytes, transaminases, or 
bilirubin were observed. 

In addition to these trials, a small number of 
patients with other AD were tested as a prelimi- 
nary investisetion of our theory that all AD have 
the same basts. So far two patients with SLE. two 
with PA, and one vnth BS have been tested. One 




Fig. 2 Bars indicaiB the mean impravetnenl in each of (he 4 Irealmenl gfoups beHfraaen day 0 and days 7 and 28 in 6 Indices. Arrows 
indicate alatislical aignilicance ol improvemenl (one-sample ^test). CRP - C-raactivs pnMain 



patient with SLE and two with PA received a 
combination of antibodies to IFN-y and TNF-a 
using the same protoco! as before. One patient 
with SLE received anti-IFN-y alone and one 
patient with BS was given antibodies to IFN-a - 
the only one available at this time - also following 
the same protocol. Alt have shown either marked 
or moderate improvement after treatment accord- 
ing to their physician's global assessment (Table 
III). In all patients the pain in joints disappeared or 
decreased beginning the first week, as did skin 
lesions. In BS ulcers on the oral mucosa gradually 
disappeared, and laboratory parameters 
improved. One of the patients with SLE was with- 
drawn at day 8 due to an allergic reaction. 



Discussion 

Results of this study suggest the efficacy of anll- 
cytokine antit)odies in patients who were for the 
most part completely resistant to conventional ther- 
apy Thus, taking a general vnew of anlicytoktne 
therapy for AD, we can tentatively say that possibly 
three main cytokines - IFN-a, iFN-y, and TNF-a - 
which induce other cytokines, are agents which 
can be manipulated for the purpose of regulating 
various autoimmune processes. Given our good 
previous results using anti-IFN-a, the poor results 
with anti-IFN-a here may be due to the very low 
titer of these antibodies compared writh the earlier 
trial. 
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tmprovemortl in pationis undergoing anteylokine therapj,- according to a glnbid assessmeni ot Itw data by the physician; anti-TNF-<i 
and anti-lFN-v antibodies in treatment of two patients with psorjatic arthritis and two patisnis with systemic lupus erythematosus (SlBl. 
One SLE patient was wilhdraMiTi from the study due to an allergic reantion. A^fl-1Ff^^<^ was used to treat one patient with Behjefs syn- 



The data show that antibodies to TNF-a and the 
combination of antibodies exert an immediately 
apparent beneficial influence. What was interesting 
was that after 28 days, antibodies to IFN-y main- 
tained the improvement possibly better than did the 
anti-TNF-a antiljodies. This suggests that the best 
results may be achieved through the use of these 
antibodies in some combination to achieve longer- 
term improvement. 

Each of those cytokines (IFN-a, IFN-7, TNF-u) 
may play its own pathological role and could be a 
single target in treatment. They are also involved in 
mutual induction and induction of other cytokines 
which carry on the pathological aption. TNF-tt 
mediates Inflammation in AD as well as in certain 
other conditions; some subtypes of IFN-« and IFN- 
Y can trigger or exacerttate AD, while IFN-v may 
intensify it. Thus we propose that IFN-y, TNF-tt 
and IFN-a may all play a very important role in the 
development of AD. 

As was said previously, the development of AD 
may be connected with a single mechanism - the 
disturbance of cytokines themselves - but clinical 
manifestations may reflect the cell territory In which 
this mechanism takes place (5). Thus, we think that 
treatments of different AD can be very similar. In 
vanous AO different combinations of antibodies 
{three, two, or one) to these three cytokines could 



be used, sometimes possibly to other cytokines. 
For example, using only anti-IFN-a antibodies to 
treat BS showed good results. In the treatment of 
SLE and IDDM, In addition to antibodies to the 
main cytokines, we consider it reasonable to use 
antibodies to IL-G also. Besides antibodies to 
cytokines, we also need to neutralize the pathotog- 
ica! action of HLA dass 1! antigens, which are 
induced by cytokines. 

These preliminary data from the first use of antl- 
IFN-y alone and cainbined with other anticytokines 
encourage further testing of the use of anli-IFN-v 
and the combination anticytokine treatment in 
patients with other AD as well. 

Various AD may require treatment with antibod- 
ies to different cytokines and antibodies to their 
receptors or combinations. Such therapy could be 
beneficial not only in different AD, but in certain 
allergies (bronchial asthma). AIDS, and in the 
prevention of rejection in transplantation 
(2,9.28,29). In the latter case antibodies to IFN II 
(IFN-Y), 0'' in some cases antibodies to multiple 
types of IFNs or their receptors, should be used. 
Regarding AIDS, ariti-IFN-a antibodies adminis- 
tered to patients with advanced AIDS - who typi- 
cally have high titers of IFN-a in their blood - 
achieved beneffcfaf results (26,30). Recently fftis 
was confirmed by removing IFN-a In AIDS 
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patients, in this case by immunizing patients with 
an IFN-a vaccine {31), (The development of differ- 
ent methods to halt the production of cytokines and 
their receptors - chemical agents, genetic thera- 
pies, vaccines, etc. - could also be promising.) 

In conclusion, anticytaklne therapy could be a 
universal treatment for many different AD, including 
diseases of the nen/ous system (multiple sclerosis; 
IVIS) and psychiatric diseases e.g., schizophrenia. 
!n this connection, recently we obtained promising 
results in dinicat trials in a joint Russian-American 
Study of 22 patients with progressive MS using anti- 
IFN-7 antibodies, anti-TNF-a antibodies, and a 
combination of these two cytokine antibodies (32). 

At the end of this article we would like to offer 
our ideas about the formation of autoantigens in 
AD. It is intriguing to contemplate that one ol the 
reasons for the production of autoantigens may be 
a profound disturbance of IFN-a synthesis in celts 
in different AD with a genetic predeterminant or the 
influence of a specific agent (certain viruses, 
bacteria, or other components), and physical 
factors, A basic biochemical phenomenon in this 
situation is the loss or decrease of the repressor 
function in some subtypes of IFN-a (5, 24). This 
brings fundamental changes in the metabolism of 
the cells and the continuous production of IFN-a 
along with tlw formation of autoantigens or an 
autoantigenk; complex which influences some T- 
lymphocytes and stimulates the production of IFN- 
y. We propose that every autoantigen stimulates 
the production of a specific IFN--/, which plays an 
important role in specific immunity and immunolog- 
ical memory. We think that IFN-y, which is induced 
by specific autoantigens, is different from IFN-y 
induced by mitogens or other IFN-y inducers. The 
injection of normal IFN-a or -y into the organism 
with an autoimmune condition and a disturbed 
synthesis ol IFN-a or -y will increase the function 
of the existing abnormal IFNs. At the same time, on 
the surface of ceils where autoantigens are 



formed, the receptors to IFN-y and TNF-a and 
possibly to other cytokines, and to HLA class t, II, 
and III antigens, are synthesized. 

For the successful treatment of different AD and 
autoimmune conditions we need to use e^tibodies 
to certain cytokines and to their receptors which 
could be repeatedly administered over a long 
period of time. For this it is necessary to use 
humanized or chimeric monoclonal antibodies, Fab 
fragments, or purified polyclonal antibodies from 
one or more species. These can be administered 
alor^g with immunodepressants. 

Some autoimmune diseases and conditions 
connected with cytokine disturtiance whicli could be 
treated by anticyioiiine therapy. Rheumatoid arthri- 
tis; systemic lupus erythematosus; amyotrophic 
lateral sclerosis; multiple sclerosis; myasthenia 
gravis; Sjdgren^ syndrome; rt>eumatism; sclero- 
derma: vascullfls; bnanchlal asthma; idiopathic 
thrombocytopenic purpura; Insulin-dependent 
diabetes mellitus; Crohn's disease: Graves' disease: 
Behcet's syndrome; pemphigus; Parkinsons 
disease; autoimmune diseases of the eye and ear; 
chronic fatigue syndrome; psonasis; eczema: 
sarcoidosis; congenital AD; AIDS; genetic defects of 
immunity including congenital deficiency status 
(especially with the disturbance of intellect); Down's 
syndrome; chondrodystrophy; some cancers and 
leukemia; some psychiatric diseases with an 
autoimmune genesis such as schizoptronia arxi 
depression; autian; congenital deformities; leprosy: 
epilepsy; Alzheimer^ disease; M^ni^e's disease: 
^d the treatment of rejection in transplantation. 
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